sp in -o rb it states o f th e O H (2n ) fra g m e n t a n d th e g ro u n d sta te o f th e H C l fra g m en t. T h e a b in itio d ia b a tic p o te n tia ls and th e ir an a ly tic e x p a n sio n ap p lie d in th e se c a lc u la tio n s w e re o b ta in e d e a rlie r b y W o rm er e t a l. [J. C h em . P h y s. 122, 2 4 4 3 2 5 (2 0 0 5 )]. In a d d itio n to th e fo u r-d im en sio n a l c a lc u la tio n s, w e c o n sid e re d a (3 + 1 )-d im e n s io n a l m o d e l in w h ic h th e in te rm o le c u la r d istan ce c o o rd in a te R is a d ia b a tic a lly se p a ra ted fro m th e re m a in in g c o o rd in a te s. B o th m o d e ls in c lu d e the im p o rta n t sp in -o rb it co u p lin g in th e O H fra g m e n t. E n e rg y le v e ls an d p a rity sp littin g s w ere 1 3 c o m p u te d for a to ta l an g u la r m o m e n tu m o f J = 2 an d 2 ; ro ta tio n a l co n sta n ts an d o th e r sp e ctro sc o p ic p a ra m e te rs w e re e x tra c te d fro m th e se ca lc u la tio n s. T h e v ib ra tio n a lly a v e rag e d g e o m e try in the 
I. INTRODUCTION
It is w ell k n o w n th at h y d ro x y l ra d ic a ls p la y a v e ry im p o rta n t ro le in atm o sp h e ric c h e m istry as w e ll as in co m b u s-1 2 tio n p ro c e sse s. ' D u e to its h ig h re a c tiv ity th e O H ra d ic a l is ea sily in v o lv ed in c h e m ica l in te ra c tio n s w ith h y d ro g e n h a lid e s, w h ich lead to re le a se o f h a lo g e n s in th e ir a c tiv e a to m ic state. In p articu lar, th e re a c tio n O H + H C l ^ H 2O + C l is a p rim a ry so u rce o f a to m ic c h lo rin e in th e a tm o sp h e re . A n u m b e r o f k in e tic ex p e rim e n ts h a v e b e e n c a rrie d o u t on th e 3-10 O H + H C l sy stem , w h e re th e te m p e ra tu re -d e p e n d e n t rate c o n stan ts w e re m e a su re d o v er a w id e te m p e ra tu re ran g e.
C ro ssed m o le c u la r b e a m e x p e rim e n ts h a v e b e e n p e rfo rm e d also, in c lu d in g th e m e a su re m e n t o f ste ric effe c ts d e p e n d in g on th e o rien tatio n o f th e in c o m in g O H ra d ic a ls. T h e se e x p e rim e n ts p ro d u c e d in e la stic O H -H C l sca tte rin g c ro ss sec-11,12 tions, b u t re a c tio n p ro d u c ts c o u ld n o t b e o b serv ed .
T h e re are also a n u m b e r o f th e o re tic a l stu d ies for th e O H + H C l ^ H 2O + C l re a c tio n 13-18 th a t c o n c e n tra te d m o stly on th e reg io n o f th e re a c tio n tra n sitio n state. B y e m p lo y in g seco n d -o rd e r M 0 lle r-P le sse t (M P 2) c a lc u la tio n s, Yu and a)Electronic mail: anaf@list.ru. b)Electronic mail: a.vanderavoird@theochem.ru.nl. N y m a n 15 fo u n d th a t th e w e a k ly b o u n d O H -H C l c o m p lex fo rm ed in th e e n tra n c e c h a n n e l o f th e re a c tio n h as a p la n a r g e o m e try an d th a t an e a rly sa d d le p o in t o cc u rs for a n o n p la n a r g eo m etry . P ro b a b ly th e m o st ac c u ra te a b in itio c a lc u la tio n s fo r th e (n o n reactiv e) O H -H C l in te rm o le c u la r p o ten tial e n e rg y su rfaces (P E S s) w e re c a rrie d o u t b y W o rm er e t a l . It co n sists o f th e m o n o m e r H a m ilto n ia n s
(1)
th e ra d ia l k in e tic en e rg y o p e ra to r fo r th e re la tiv e m o tio n o f th e m o n o m e rs, th e k in e tic e n e rg y o p e ra to r for th e e n d -o v e r- 
a ',a
T h e q u a n tu m n u m b e r A is th e p ro je c tio n o f th e e lec tro n ic orb ital an g u lar m o m e n tu m o f th e o p e n -sh e ll O H ra d ic a l on th e O H axis; th e p o te n tia l e n e rg y o p e ra to r in E q . a ct d iffe re n tly on th e a n g u la r c o o rd in a te s an d on th e b asis fu n c tio n s (d efin ed b elo w ). T h is is re fle c ted b y th e actio n o f th e sh ift o p erato rs, w h ic h a re d efin ed in th e u su a l w a y e x cep t th o se th a t act on th e an g les u se d to d efin e th e ir fra m e .25 T h e la tte r a re g iv en b y j ± df) = j df) + j y DF),
jMF) = jMF) -■ j(MF) J ± ,B = Jx,B -lJy ,B .
S ' s^rs m ^ r \
T h e a n g u lar m o m e n tu m o p e ra to rs J 2, j A, j B, j AB, an d S 2 are fra m e in d ep e n d e n t.
In th e O H m o n o m e r H a m ilto n ia n , S re p re se n ts th e sp in op erato r. T h e sp in -o rb it c o u p lin g c o n sta n t eq u a ls A 0 = -1 3 9 .2 1 c m -1 a n d th e g ro u n d sta te ro ta tio n a l co n stan ts o f T h e d ia b a tic p o te n tia ls V a ',a ( R , 0a , 0b , ft) in E q . (4) are th e O H -H C l in te ra c tio n p o te n tia ls fo r th e d ia b a tic e le c tro n ic states |A ) w ith A = ± 1 an d th e d ia b a tic P E S s fo rm a 2 X 2 m atrix . T h ey are re la te d to th e a b in itio a d ia b a tic P E S s b y V -1,-1 = V1,1 = 2 (V 1 + V 2) , V -1,1 = V1-1 = 2 (V2 -V 1 ) e x p ( -2 ir ) , (7) (8) H ere, wA = 2 + A is th e p ro je c tio n o f th e |AMF) o p e ra to r on th e O H ax is an d 2 is th e sp in p ro je c tio n . f ì is a n e a rly good q u a n tu m n u m b er, w h ich re p re se n ts th e p ro je c tio n o f th e total a n g u la r m o m e n tu m o p e ra to r J on th e in te rm o le c u la r axis a lo n g th e v e c to r R , w h ic h is th e z-a x is o f th e D F fram e. T he su m m atio n in d ic e s m A an d m B are th e p ro je c tio n s o f th e a n g u la r m o m e n tu m o p e ra to rs jA°F) a n d |BDF) o n to th e in te rm o le c u la r ax is, resp ec tiv e ly . T h e e x a c t q u a n tu m n u m b e r M is th e p ro je c tio n o f th e o p e ra to r J o n to th e z-ax is o f th e SF fram e. M , as w e ll as th e e x a c t q u a n tu m n u m b ers J and S, w as o m itted fro m th e sh o rt n o ta tio n on th e le ft h a n d side.
T h e full d ia b a tic b asis fu n c tio n s in c lu d in g th e ra d ia l p a rt are w ritten in th e fo llo w in g form :
w h e re y rep re se n ts th e m ix in g an g le d e p e n d in g on th e sam e v a riab les as th e p o te n tia ls. T h e a d iab a tic P E S s V1 an d V2 are th e en erg ies o f th e g ro u n d and th e first ex c ite d e le c tro n ic states, w h ic h b e c o m e d e g e n e ra te w h e n th e O H (2n ) an d H C l frag m en ts a re sep a ra ted . In o u r c a lc u la tio n s it w as c o n v e n ie n t to u se th e ex p a n sio n o f th e d ia b a tic p o te n tia ls from R ef. 18, ,.a a ' n A ,w A, j A, j B, j AB, f ì ) = R $ n (R )|A ,w A,jA ,jB ,jAB, f ì ) ,
w h e re D L MK( f t , 0 ,^) are W ig n e r D -fu n c tio n s, CLM(°, ft) are R acah n o rm a liz e d sp h e rica l h a rm o n ic fu n ctio n s, <l, m ; l ' , m ' |L , M ) a re C le b sc h -G o rd an c o e ffic ie n ts,27 an d
VlAlbL(R ) are th e R -d e p e n d e n t e x p a n sio n co efficien ts. 
w h e re |n) = R -1^n(R) is a ra d ia l b a sis fu n c tio n a n d $ n(R) is a 
III. BOUND STATE CALCULATIONS
In 
A. 4D calculations
T h e c a lc u la tio n s w e re ca rrie In th e 4 D c a lc u latio n s, th e g ro u n d state en erg y for th e sm aller an g u lar b asis is eq u a l to -7 2 1 .0 9 cm -1, w h ile th e c o rre sp o n d in g en e rg y for th e b asis w ith JA = 9 .5 a n d JB q u a n tities fo rm ed fro m en e rg y d iffe re n c e s su ch as v ib ra tio n a l ex c ita tio n en erg ies, ro ta tio n a l c o n sta n ts, p a rity sp littin g s, etc. T ab le I p re se n ts th e en e rg ie s and c o rre sp o n d in g q u a n tu m n u m b e rs for |f ì | = 2 fro m th e tw o ty p es o f c a lc u latio n s, 4D
B. (3+1 )D calculations
an d (3 + 1)D , for to ta l a n g u la r m o m e n tu m q u a n tu m n u m b er J = 1 . T h e stretch v ib ra tio n a l q u a n tu m n u m b e r v s is assig n ed to th e 4 D re su lts b y a n aly z in g th e p o p u la tio n s o f th e rad ial b a sis fu n ctio n s $ n(R ). I f a b a sis fu n c tio n w ith a certain v alu e o f n o ccu rs in th e b o u n d state w ith p ro b a b ility (po p u latio n )
la rg e r th an o r eq u a l to 50 % , w e a ssig n th e q u a n tu m n u m b er v s = n to this b o u n d state. I f th e p o p u la tio n is less th an 50% h as to k eep in m in d , h o w ev er, th a t th e c h a ra c te r o f th e w av e fu n ctio n s ra p id ly ch a n g e s w h e re th e c u rv e s h a v e a v o id ed cro ssin g s. T h e q u a n tu m n u m b e r wA, th e p ro je c tio n o f th e e lec tro n ic an g u lar m o m e n tu m on th e O H ax is, is n o t a g o o d q u an tu m n u m b e r and acco rd in g to th e p o p u la tio n an aly sis is ra th e r m ix ed . T h e e x p e c ta tio n v a lu e o f wA c a n n o t b e u se d to c h a r a cte rize th e ele c tro n ic c h a ra c te r o f th e e ig e n sta te s, sin c e th e y are p a rity ad a p te d an d th e co m p o n e n ts w ith ± w A o c cu r w ith eq u al w eig h ts. T h is h a p p e n s alre ad y in free O H , w h e re the e x p e ctatio n v a lu e (w A) = ( J^) c a n n o 
IV. RESULTS AND DISCUSSION

A. Assignment of bound states
Energies of lowest bound states of e parity and rotational constants Bv in cm 1 from 4D and (3 + 1)D calculations for |fì| = | . See
B. Interpretation and discussion
T h e lo w e st ro v ib ro n ic state w ith E = -7 2 3 .1 2 cm -1 p o s se sses a p la n a r g e o m e try (see F ig . T h e g ro u n d state ( E = -7 2 3 .1 2 cm -1) h a s a m ix e d e le c tro n ic c h a ra c te r w ith p o p u la tio n s o f 53 % o f wA = -2 , 7% o f wA = -2 , 27% o f wA = 2, an d 13% o f w A = | . S ta te 3 h as a l m o st th e sam e p o p u la tio n d istrib u tio n a m o n g th e wA valu es. S uch a sim ilar ele c tro n ic c h a ra c te r m ig h t b e ex p e c ted b e c a u se this sta te is th e first stretc h e x c ite d state.
A lso th e a n g u lar d e n sity d istrib u tio n o f sta te 3 w ith E = -6 2 9 . T h e p a rity sp littin g s fro m th e 4 D m o d e l a g re e v e ry w ell w ith th e 3 D c a lc u la tio n s for th e lo w e st states w h en R is fix ed at 6.4a 0. T h e d is c re p a n c y for th e h ig h e r e n e rg y states can b e Fig. 7 and electronic quantum numbers from 3D calculations at R = 6.4^0 with and without spin-orbit coupling included. T h e g ro u n d state h as K = 0 , th en th e re a re tw o states w ith K = ± 1 th a t are o n ly slig h tly sp lit b y a sm all a sy m m e try d o u b lin g , n e x t tw o n e a rly d e g e n e ra te states w ith K = ± 2, etc.
T h e K = ± 1 states h a v e an e n e rg y A w ith re s p e c t to th e g ro u n d K = 0 state, th e K = ± 2 states h a v e an en e rg y 4A, w h e re A is th e ro ta tio n a l c o n sta n t o f th e p ro la te near- q u a n tu m n u m b ers are in p e rfe c t a g re e m e n t w ith th e e n e rg y lev els sh o w n at th e rig h t h a n d sid e o f F ig . 
JOH JHCl
p o ss ib le v alu es are d e te rm in e d b y th e tria n g u la r co n d itio n | J -j AB| < l < J + j AB. In th e d is ta n c e ra n g e d is p la y e d in F ig . 8 th e en d -o v e r-e n d a n g u la r m o m e n tu m l is n o t y e t a g o o d
q u a n tu m n u m b er, b u t T ab le V e x p la in s in d e ta il h o w th e A B lev els c o rre la te w ith th e a sy m p to tic states in th e lo n g ran g e. to th e se p a ra te fra g m e n t states. 
